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Method of Manuf actruaring Image DlspLay Apparatus 

BACKGROUND OF THE INVENTION 
Field Of the Invention 

The present invention relates to a method of 
manufacturing an image display apparatus and, more 
particularly, to a method of manufacturing an image 
display apparatus obtained toy combining a member having 
electron-emitting devices and a member having a 
phosphor* 

Related Background Art 

Conventionally, two types of devices, namely 
theirraionic and cold cathode devices, are generally 
known as electron-emitting devices- Known examples of 
the cold cathode devices are field emission type 
electron-emitting devices (to be referred to as FE type 
electron-emitting devices hereinafter ) , and 
metal/insulator/metal type electron-emitting devices 
(to he referred to as MIM type electron-emitting 
devices hereinafter). 

Known examples of the FE type electron-emitting 
devices are described in W.P, Dyke and W.W. Dolan, 
"Field emission". Advance in Electron Physics, 8, 89 
(1956) and C.A. Spindt, "Physical properties of 
thin-film field emission cathodes with molybdenum 
cones", J. Appl. Phys., 47, 5248 (1976). 

A known example of the MIM type electron-emitting 
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devices is described in C.A. Mead, "Operation o£ Tunnel 
Emission Devices", J. Appl . Phys . , 32, 646 (196X). 

A knowx example of suirf ace-conductrion emission 
-type elec-tron-emi-fcHing devices is described in, e.g., 
5 M,I» Elinson, "Radio Eng. Electron Phys,, 10, 1290 
(1965) and other examples will be described later. 

The surface conduction electron- emitting device 
P= utilizes the phenomenon in wh±ch electrons are emitted 

^~ hy a small -are a th±n film formed on a substrate by 

01 10 flowing a current in parallel with the film surface. 

T^&^ surface conduction electron-emitting device 
=J includes electron-emitting devices using an SnO^ thin 

5 film according to Elinson mentioned above, an Au thin 

□ 

film (G- Dittmer, "Thin Solid Films", 9,317 (1972)), an 

nj 

^ 15 In^Oj/SnOj thin film (M. Hartwell and C-G- Fonstad, 

~ "IEEE Trans. ED Conf.", 519 (1975)), a carbon thin film 

(Hisashi Araki et al . , "Vacuum", Vol. 26, No. 1, p. 22 
(1983)), and the like. 

Tlie image display apparatus using the above 
20 electron-emitting devices is manufactured by using the 

manufacturing process of preparing an electron source 
substrate (rear plate) on which these electron -emitting 
devices are arranged in a matrix, preparing a phosphor 
substrate (face plate) having a phosphor that is 
excited by electron beams to emit light, placing the 
face plate and rear plate to make them oppose each 
otber such that the electron- emitting devices and 
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phosptior are 1 oca-ted xnside, and an envelope for 
providing a sealed vacuiun stiructuire and a spacer for 
providing an atraospheric pressure resistant: stiructrure 
are arranged between the plates, sealing the interior 
by using a low-melting material such as frit glass as a 
seal bonding material, evacuating the interior through 
an exhaust pipe prepared in advance, and sealing the 
exhaust pipe, thereby manufacturing a display panel • 

Conventional techniques are disclosed in Japanese 
Laid-open Patent Application No. 11-135018, Japanese 
Laid-open Patent Application No. 8-96700, EPA07674B1, 
EPA0785564, EPAO803892, and Japanese Laid-Open Patent 
Application No. 4-249827. 

it is desired in an image display apparatus using 
such electron-emitting devices to realize a high vacuum 
degree inside the panel. 

SUMMARY OF THE INVENTION 

Tine p^resent inventors have, after intensive 
research and study, discovered that, in an image 
display apparatus using electron- emitting devices, 
there are some steps of the manuf actuiring steps 
affecting the atmosphere in the image display 
apparatus . 

It is an object of the present invention to 
implement a manufacturing method capable of obtaining 
an image display apparatus having a good internal 
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ainnosphexe even if the manuf actuxing steps include one 

of sucti steps. 

Accox-ding to the present invention, there is 

provided a method of manufacturing an image display 
5 apparatus, comprising a step of seal-bonding a first 

member having an electron-emitting device and a second 

member having a phosphor which is irradiated with an 
1=; electron emitted from the electron-emitting device to 

emit light in a seal bonding chamber in which a vacuum 
gt 10 atmosphere is realized, wherein a step of aging the 

Cj electron- emitting device is performed before the step 

of seal— bonding . 

5^ Another aspect of the present invention has the 

n 

^ following arrangement - 

There is provided a method of manufacturing cin 
image display apparatus, comprising 

a step of seal-bonding a first member having a 
plurality of electron-emitting devices a.nd a second 
TTiemtier having a phosphor which is irradiated with an 
electron emitted from the electron-emitting device to 
^Jnit light in a seal bonding chamber in which a vacuum 
atmosphere is realized, 

wherein, before a step of seal-bonding, a 
characteristic adjustment step of selectively adjusting 
characteristics of the plurality of electron-emitting 
devices is performed . 

Still another aspect of the present invention has 
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-the following anrangement: . 

Thier-e ±s provided a method of manuf ac-tunring an 
image display appara-tus, comprising 

a step of seal-bonding a first memtieir having an 
electron-emitting device and a second member having a 
phosphor which is irradiated with an electron emitted 
from the electron-emitting device to emit light in a 
seal bonding chamber in which a vacuum atmosphere is 
realized, 

01 wherein, before the step of seal-bonding, a 

voltage application step of applying a voltage to the 
electron-emitting device subjected to an activation 
step i s per foirmed . 

Still another aspect of the present invention has 
the following feature . 
Q There is provided a method of manufacturing an 

image display apparatus, comprising 

a step of seal-bonding a first member having an 
eleotron-emitting device and a second member having a 
20 phosphor which is irradiated with an electron emitted 

from the elect ron- emitting device to emit light in a 
seal bonding chamber in which a vacuum atmosphere is 
realized, 

wherein, before the step of seal-bonding, the 
25 voltage application step of applying a voltage to the 

electron-emitting device having carbon and/or a carbon 
compound at electron- emitting portion and/or near 
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elect:ron-eiiii"tt: ing por"t±on . 

S'till ano-tner aspect of the present invention has 
the following feature . 

There is provided a method of manufacturing an 
image display apparatus, comprising 

a step o£ seal -bonding a first member having an 
electron-emitting device and a second member having a 
phosphor which is irradiated with an electron emitted 
from the electron-emitting device to emit light in a 
seal bonding chamber in which a vacuum atmosphere is 
sj realized, 

J wherein, before the step of seal -bonding, a 

voltage application step of applying a voltage to the 

S 

%D electron-emitting device is performed, the voltage 

ftj 

> 15 having a value larger than a normal driving voltage 
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value applied to the electron-emitting device at image 
display operation , 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA, IB and IC are views schematically 
showing a manufacturing apparatus according to the 
present invention, together with the temperature 
profile of each panel member in the manufacturing 
apparatus and a vacuum degree profile between the 
respective chambers in the manufacturing apparatus; 

Fig. 2 is a sectional view showing part of -an 
image display apparatus manufactured by using the 
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manuf act:ux-±ng method and apparatrus accoircilng to the 
pr'esent invention; and 

Fig- 3A is a plan view of a rear plate according 
to an embodiment of the present invention, and Fig. 3B 
5 shows schematically a matrix airrangement of FE devices 
on the rear plate . 



'I 15 



Q DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It is an object of the present invention to 
10 provide a manufacturing method capable o£ obtaining an 

SI image display apparatus having an excellent internal 

^ atmosphere - 

1_ One aspect of the present invention has the 

following arrangement . 

There is provided a method of manufacturing ein 
image display apparatus, comprising 

a step o£ seal-bonding a first member having an 
^l^ctron-emitting device and a second member having a 
phosphor which is irradiated with an electron emitted 
from the electron-emitting device to emit light in a 
seal bonding chamber in which a vacuum atmosphere is 
realized, 

wherein an aging step for the electron-emitting 
device is perfoirmed before the step of seal-bonding. 
^5 The present inventors have discovered that aging 

for electron-emitting devices is preferably performed 
in a high vacuum state (at a low pressure). However, 
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tiie px-esent inven-tor-s have also discovered t:ha"t aging 
processing degrades a vacuum atmosphere. 

On -the basis of the ahove discoveries, t:he present: 
irtventors have attained an inventive technique of using 
the seal bonc2ing step in a seal bonding chamber in 
which a vacuum atmosphere is realized and performing 
aging processing prior to the seal bonding step. 

"Aging" according to the present invention is 
defined as a step of controlling electron emission 
characteristics^ for example, by applying to an 
electron-emitting device a voltage higher than a 
voltage to be applied during a normal image display 
driving operation; by irradiating an electron-emitting 
portion with electrons having energy higher than that 
of electrons applied to the electron-emitting portion 
during the noz-mal image display operation ( a source for 
emitting electrons having this high energy is not 
limited to an electron-emitting device as a component 
of the image display apparatus, and may be an 
independent electron beam source that does not 
contribute to image display operation); or by 
irradiating an electron-emitting portion with UV. By 
performing this step preliminary, abrupt changes in 
characteristics in the subsequent steps ^ especially 
after driving operation for actual image display is 
started, can be suppressed. When that the amount of 
emission current obtained by applying a predetermined 
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vol-bage, in particular, (a voltage whicxh is equal in 
magnitude to a voltage to be applied £o3r actual image 
display operation and has a value in the range of 
voltage values to be applied for the actual image 
5 display operation) to an electron-emitting device after 
aging is smaller than the amount of emission current 
obtained by applying the predetermined voltage to the 
Q electron-emitting device before aging, an abrupt change 

^ in characteristics from the start of this drivina 

^ lO operation (image display operation) can preferably be 

S| suppressed over a long period of time. 

h Another aspect of the present invention has the 

following feature . 

There is provided a method of manufacturing an 
15 image display apparatus, comprising 

a step of seal -bonding a first member having a 
plurality of electron- emitting devices and a second 
member having a phosphor which is irradiated with an 
electron emitted from the electron-emitting device to 
20 emit light in a seal bonding chamber in which a vacuum 

atmosphere is realizied, 

wherein, before the step of seal -bonding, the 
characteristic adjustment step of selectively adjusting 
characteristics of the plurality of electron-emitting 
25 devices is performed. 

The present inventors have discovered that the 
characteristics of electron-emitting devices are 
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preferably ad Jus-ted in a high vacuuin s-bate ( ai: a low 
pr-essur*e ) I. Howeveir, the present: inventors have found 
that chairacteristic adjustment processing affects a 
vacuum atmosphere . 

On the basis of these findings, the present 
inventors have attained an inventive technicjue of 
performing the seal bonding step in a seal bonding 
chamber in which a vacuum atmosphere is realized, and 
performing characteristic adjustment processing before 
the seal bonding step . 

In this case, to selectively adjust the 
characteristics of a plurality of electron-emitting 
devices is to adjust the characteristics of only a 
specific device or to vary the degrees of 
characteristic adjustment per each of the devices . 
"Characteristics" in this case means a relationship 
between the magnitude of an applied voltage and the 
emission current amount, and a relationship between the . 
magnitucae of an applied voltage and the amount of 
current flowing in the electron— emitting devices- Each 
aspect of the present invention can be suitably applied 
to a case where cold cathode devices are used, in 
particular- In a cold cathode device^ electrons are 
emitted by applying a voltage between at least two 
electrodes . The above various characteristics can be 
adjusted by controlling the state in the gap portion 
between the two electrodes (more specifically, the 



leng-fch oir material ( cry stral . state or the like) o£ the 
gap portion). As a means for controlling the state of 
the gap portion, a stzructiire for applying a voltage 
hetween the above two electrodes can he suitably used. 
In this case, characteristics can be selectively 
adjusted by applying a voltage to only a specific 
device or applying different voltages to the respective 
devices . 

S'till another aspect of the present invention has 
the following arrangement • 

There is provided a method of manufacturing an 
image display apparatus, comprising 

a step of seal-bonding a first member having an 
electron-emitting device and a second member having a 
phosphor which is irradiated with an electron emitted 
from the electron-emitting device to emit light in a 
seal bonding chamber in which a vacuum atmosphere is 
realized, 

wherein, before the step of seal-bonding, the 
voltage application step of applying a voltage to the 
electron-emitting device subjected to the activation 
step is peirf ozTiied . 

Still another aspect of the present invention has 
the following feature. 

There is provided a method of manufacturing an 
image display apparatus, comprising 

a step of seal-bonding a first member having an 



elec-br-on-enix-t-blng device and a second memtjer having a 
phosphor which is iirradiatzed with an electrron emitted 
firom the electron-emitting device to emit light in a 
seal bonding chamber- in which a vacuum atmosphere is 
realized, 

wherein, before the step of seal-bonding, a 
voltage application step of applying a voltage to the 
electron-emitting device having carbon and/or a carbon 
compound at electron-emitting portion and and/or near 
an electron-emitting portion is conducted. 

The present inventors have discovered that an 
excellent image display apparatus can be obtained by 
applying a voltage to an electron-emitting device 
subjected to the activation step and/or an 
electron-emitting device having carbon and/or a carbon 
compound at electron-emitting portion and/or near an 
electron-emitting portion. The present inventors have 
also discovered that this voltage application is 
preferably performed in a high vacuum state (at a low 
pressure ) . However , the present inventors have 
discovered that the voltage application step affects a 
vacuum atmosphere * 

On the basis of the- above discoveries, the present 
inventors have attained an inventive technique of using 
bhe seal bonding step in a seal boding chamber in which 
a vacuum atmosphere is realized, and performing the 
voltage application step prior to the seal bonding 
step- Note that "activation" in this case indicates 
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-the s-fcep o£ incz'easing -the emxssion cur-rent: amount: when 
a vol-bage is applied "to an electron— ©mi "ft ing c3evice, in 
whicli the emission current: amount obtained by applying 
a predetermined voltage to an electron-emitting device 
having undergone the activation step is larger than the 
emission current amount obtained by applying the 
predetermined voltage to the electron-emitting device 
before activation. Cold cathode devices, and more 
specifically^ field-emission devices and surface 
conduction electron-emitting devices which are designed 
to emit electrons by applying a voltage betrween two 
electrodes can be activated by depositing a deposit on 
the gap port ion between the two electrodes • 

Still another aspect of the present invention has 
the following feature* 

There is provided a method of manufacturing an 
image display apparatus, comprising the step of 
seal-bonding a first member having an electron- emitting 
device and a second memher having a phosphor which is 
irradiated with an electron emitted from the 
electron-emitting device to emit light in a seal 
bonding chamber in which a vacuum atmosphere is 
realized, wherein before the step of seal -bonding , the 
voltage application step of applying, to the 
electron-emitting device, a voltage having a voltage 
value larger than a normal driving voltage value 
applied to the electron-emitting device in image 



display operat:±on ±s performed - 

In tile present invention, after the aging step, 
characteristic adjustment step, or voltage application 
step is performed, the seal bonding step is preferably 
perfontied without exposing the electron- emitting device 
to an external atmosphere. More specifically, the 
present invention can use an arrangement for performing 
the aging or characteristic adjustment in the seal 
bonding chamber and an arrangement for transferring the 
electron-emitting device from the processing chamber 
for performing the aging, characteristic adjustment, or 
voltage application into the seal bonding chamber 
without exposing the device to the ex-ternal atmosphere, 
as described in the embodiment to be described later. 
When the latter arrangement is to be used, these 
processing chambers are preferably coupled to the seal 
bonding chamber directly or through another 
depressurized (processing) chamber. 

In addition, the aging step, characteristic 
adjustment step, or voltage application step is 
preferably performed in an atmosphere in which the 
material for a substance deposited on the 
electron-emitting portion of the electron-emitting 
device and/or near the electron-emitting portion is 
sufficiently small in a region where the 
electron-emitting device e^tists and deposition is 
suppressed. More specifically, such a step is 
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preferably perfoarmed a-b a sufficiently low pressure. 
This s-tep is preferably performed at: a pressure of 1 x 
10"* Pa or less, and more preferably, 1 x 10'^ Pa or 
less- In addition, the above deposition noticeably 
o^igiriates from an organic substance in an atmosphere . 
It is therefore preferable that the aging step, 
characteristic adjustment step, or voltage application 
step be performed in an atmosphere in which the partial 
pressure of an organic substance is 1 x 10"^ Pa or less. 

After the aging step, characteristic adjustment 
step, or voltage application step, the pressure in a 
region where the electron-emitting device exists is 
preferably kept at 1 x lO-^* Pa or less, and more 
preferably 1 x lO"^ Pa or less iintil an isolated space 
is formed between the first and second members. The 
"isolated space" in this case means a space that is not 
directly influenced by gas molecules in an external 
atmosphere. In the seal bonding step, the pressure in 
this area is preferably 1 x 10~** Pa or less. To 
siobstantially keep a specific vacuum degree state, 
i.e., 1 X lO""^ Pa or less, and more preferably 1 x 10"® 
Pa or less as described above is to allow a temporary 
decrease in vacuum degree by getter flashes as in the 
following embodiment. Even if tbe vacuum degree 
temporarily decreases, since the vacuiim degree quickly 
increases afterward, the substantial influence is 
suppressed to a negligible degree. Therefore, such a 



tempor-airy decrease ±n vacuum degree ±s perm xt: ted . 

The partial pressure of an organic substance in a 
region where an electron- emit ting device exists is 
preferably kept low until the aging step, 

characteristic adjustment step, or voltage application 
step and seal bonding are completed. This pressure is 
preferably set to 1 x 10"^ Pa or less. in the seal 
bonding step, the partial pressure of the organic 
substance in this region is preferably lower than 1 x 
10-^ Pa. 

The aging step or characteristic adjustment step 
is preferably the step of applying a voltage to the 
electron-emitting device. Note that the voltage to be 
applied to the electron-emitting device before seal 
bonding, including the voltage application step, 
according to the present invention, is preferably 
higher than the voltage to be generally applied to the 
electron-emitting device in image display operation. 
The aging step, characteristic adjustment step, or 
voltage application step is preferably the step of 
making the electron-emitting device emit electrons . 

If the present invention has the step (panel 
getter step) of forming a getter on a member of an 
image display apparatus, and more specifically, a face 
plate or rear plate, the aging step, characteristic 
adjustment step^ or voltage application step is 
preferably performed prior to the getter forming step. 



This ±s because -the execution of -blie respective steps 
in -this oarclear can prevent: the panel getteir from 
reacting to the gas produced in the aging step^ 
characteristic adjustment step^ or voltage application 
step and wasting the ability of the getter during the 
manufacturing process . 

If the present invention includes the electron 
beam cleaning step of cleaning a member, e.g., a face 
plate or rear plate, of an image display apparatus 
before the seal bonding step, the aging step, 
characteristic adjustment step, or voltage application 
step is preferably performed after this electron beam 
cleaning step. The electron beam cleaning step is 
preferably performed before the aging step, 
characteristic adjustment step, or voltage application 
step because the generation of a gas produced in the 
electron beam cleaning step may affect the 
characteristics of electron-emitting devices. 

All the inventive techniques described above can 
be suitably applied to a case wherein the first member 
has a plurality of electron-emitting devices, in 
particular. The present invention is especially 
suitable for an arrangement having lOO^OOO or more 
electron-emitting devices as an arrangement for 
performing image display apparatus. Xn addition, it is 
especially preferable that electron- emitting devices be 
arranged in the row and column directions in the form 
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of a raa-fcrix - 

Seal bondxng betrween "the fixst: and second menLbeirs 
includes seal bonding between -them tbrougb anotiber 
membeir such as a fx'ame member . 
5 As electriron-emifting devices in the present: 

invention, cold cathode devices can be suitably used, 
as described above, Spindt type electron-emitting 
Q devices and surface conduction electron -emit ting 

devices used in the following embodiment can be 
lO suitably used in particular- 

==? 

''"4 Fig; lA is a view schematically showing a 

^ manufacturing apparatus according to the present 

invention. Fig. IB is a temperature profile indicating 
^ the temperature of the first or second member described 

ru 

^ 15 above. Fig. IC is a vacuum degree profile indicating 

2 the vacuum degree in the manufacturing apparatus. 

Examples of a manufacturing method and apparatus 
according to the present invention will be described 
below with reference to Figs* lA to IC - 
20 Referring to Fig. lA, a rear plate (to be referred 

to as an RP hereioaf ter ) lOl is a panel member, on 
which an electron source is formed, which has a 
plurality of electron— emitting devices as phosphor 
excitation means ( surface conduction electron-emitting 
25 devices each having a graphite carbon film formed on an 
electron- emitting portion and its neighboring portion 
in the activation step) arranged along a plurality of 



row-dizrecrtional wirings and a plurality of 
coluinn-direc'tional wirings by matrix wiring. A face 
plate (to be referred to as an FP hereinafter) 102 is a 
panel member, on which a phosphor, metal back, and the 
like are formed. An outer frame 103 serves as a panel 
member and is located between the RP 101 and the FP 102 
to constitute a panel seirving as an aiirtight container- 
together with the RP lOl and the FP 102 . A spacer 104 
maintains the gap between the RP 101 and the . FP 102. 
In this embodiment. Fig. lA shows a case wherein the 
outer frame 103 and spacer 104 are arranged/fixed on 
the RP lOX in advance - 

A preliminary chamber 105, baking chamber 10 6, 
surface cleaning chamber 107, energization chamber 1001 
serving as an aging and characteristic adjusting 
chamber, first getter processing chamber (chamber 
getter processing chamber) 108, second getter 
processing chamber (panel getter processing chamber) 
109, seal bonding chamber 110, and cooling chamber 111 
are sequentially arrayed/connected in the transfer 
direction (an arrow 145 in Fig. lA). Each chamber is 
evacuated by a vacuum pump (not shown) to form a vacuum 
atmosphere • 

In this embodiment, the surface cleaning chamber 
107 is an electron beam irradiation chamber (to be 
referred to as an EB irradiation chamber hereinafter) 
having an electron beam irradiation means. The 
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atmosphex'e and "fchie jrespective chamiDers are ±solat:ed. 
from each, other throughi gate valves 112, 113, 114, 115, 
1152, 116, 117, 118, and 119. The RP 101, FP 102, 
outer frame 103, and spacer 104, which are panel 
members, are loaded into the chamber 105 by 
opening/closing the gate valve 112 and sec[iientially 
moved into the respective chambers by opening/closing 
the respective gate valves. Transfer rollers 120 serve 
to move the panel members into the respective chambers . 

In addition. Hot plates 121, 123, 1003, 127, 132, 
and 13 6 are used to heat the RP 101 and the outer frame 
103 and spacer 104 which are fixed on the RP lOl . Hot 
plates 122, 124, 1002, 128, 133, and 137 heat the FP 
102. 

Electron guns 125 emit electron beams in the EB 
irradiation chamber 107. Electron beams 126 are 
emitted from the electron guns 125, 

Probes 1004 and 1005 come into electric contact 
with the two end portions of each of the 

row-directional wirings formed on the RP lOl to apply 
potentials thereto* In addition, probes (not shown) 
also come into electric contact with the end portions 
of the column-directional wirings formed on the RP 101 
to apply potentials thereto . 

The chamber getter processing chamber 108 
incorporates chamber getter flash devices 129 which 
produce chamber getter flashes 130 by instantaneously 



evapora-bing a matezrxal such as Ba. Chambeir get:t:ex- 
plates 131, to wliicli the chamber getter flashes 130 
adhere, serve as chamber getters to perform evacuation. 
That is, the chamber getter plates can increase the 
vacuiim degree in the chamber getter processing chamber 
108- 

In the panel getter processing chamber 109, panel 
getter flash devices 134 produce panel getter flashes 
135 by instantaneously evaporating a material such as 
Ba- The flashes adhere to the FP 102. Thereafter, 
seal bonding is quickly performed for the panel in the 
seal bonding chamber 110 . These panel getters serve to 
maintain the vacuum in the panel after panel seal 
bonding . 

Elevators 138, 139, 1006, 140, 141, and 142 
respectively support the hot plates 121, 123, 1003, 
127, 132, and 13 5. Each elevator has the function of 
vertically moving the RP lOl to a level recjuired in a 
corresponding step ► 

Referring to Fig. IB, the abscissa represents the 
steps in the respective processing chambers in the 
manufacturing apparatus in Fig. lA; and the ordinate, 
the temperature profile of the panel members in the 
Steps in the respective chambers. This temperature 
profile indicates the temperature states of the RP lOl 
and FP 102. Referring to Fig. IC^ the abscissa 
represents the steps in the respective processing 
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chambers In -bhe manLif actruaring apparatus in Fig. lA; and 
■th-e ordinate^ a vacuum degx-ee profile in all tlie 
processing cheonbers ♦ 

The RP 101, FP 102, outer frame 103, and spacer 
104 are driven by the transfer rollers 120 serving as 
transfer means to seqxientially pass through the 
respective processing chambers in the diirection 
indicated by the arrow 145 and undergo various types of 
processing while passing through the chambers. 

In this embodiment, first of all, the first member 
constituted by the RP lOl having an electron source 
formed by connecting a plurality of electron-emitting 
devices in the form of a matrix through a plurality of 
row-directional wirings and a plurality of 
column-directional wirings, the outer frame 103 , and 
the spacer 104 and the second member formed by the FP 
102 on which a phosphor and metal back are arranged are 
prepared in the vacuum atmosphere of the preliminary 
chamber 105, and the following steps are performed 
along one line: balce processing in the baking chamber 
106, ah electron beam irradiation in the EB irradiation 
chamber 107, aging/characteristic adjustment processing 
in the energization chamber lOOl, attainment of a high 
vacuum by chamber getter processing in the chamber 
getter processing chamber 108, deposition of a getter 
flash on the panel by panel getter processing in the 
panel getter processing chamber 109, heating seal 
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bonding in -blie seal bonding ctiambeir llO^ and cool 
processing in -blie cooling diamber 111. Fig. 3A is a 
plan view of the RP lOl in this embodiment- As shown 
in Fig. 3B, the stx-ucture of the RP lOl can be applied 
to a iinit having a pluarality of FE devices arranged in 
the form of a matrix. 

As described above, the gate valves 112, 113, 114, 

1151, 1152, 116, 117, 118, and 119 are arranged between 
the respective processing chambers of the manufacturing 
apparatus shown in Fig. lA, and each processing chamber 
is evacuated by an evacuation system (not shown). In 
this embodiment, the gate valves 112, 113, 114, 1151, 

1152, 116^ 117, 118, and 119 are arranged between the 
respective processing chambers- However, these gate 
valves are required to be arranged only between 
processing chambers that differ in their vacuum degrees 
in the vacuum profile shown in Fig. IC and between a 
chamber and an atmosphere outside the apparatus . For 
example, the gate valves 116 and 117 between the 
chamber getter processing chamber 108, the panel getter 
processing chamber 109, and the seal bonding chamber 
110 and the gate valve 1151 between the EB irradiation 
chamber 107 and the energization chamber lOOl can be 
omitted . 

If there are no gate valves between the adjacent 
processing chambers and the panel member exhibits 
different temperatures in the respective steps unlike 
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■the above case, hieal::— insuiating raemJDeirs (in t:h.e foirm of 
a plate, film, or* the like) made of a ireflective metal 
such as aluminum, chromium, or stainless steel are 
preferably arranged between the respective steps. Such 
a heat- insulating member is preferably placed, between 
processing chambers in which the temperature profile of 
the panel member in Fig. IB exhibits different 
temperatures, e.g., between the baking chamber 106 and 
the second getter processing chamber 109 or between the 
second getter processing chamber 109 and the seal 
bonding chamber llO. Alternatively, such 

heat-insulating members are preferably arranged between 
the above two pairs of processing chambers, or may be 
arranged between the respective processing chambers . 
The above heat- insulating members are installed so as 
not to interfere with the movement of the FP 102 and RP 
101 mounted above between the respective processing 
chambers 

In this embodiment, the outer frame 103 foir 
sealing a vacuum structure and the spacer 104 that 
forms an atmosphere pressure resistant structure are 
fixed to the RP lOl before it is loaded into the 
preliminary chamber 105. However, the present 
invention is not limited to this* Kor example, the 
spacer 104 may be fixed to the outer frame 103 in 
advance ( for example, the two ends of each plate- like 
spacer 104 crossing the inside of the outer frame 103 
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aire fixed to the outer frame 103), and the resultant 
member is mounted as a single constituent member in 
this apparatus independently of the RP 101 or FP 102. 
Each step is then performed, and the resultant member 
can be finally placed/fixed at a desired position as a 
component of the panel in the seal bonding step. 

Referring to Fig. lA, as a seal bonding material 
143, a low-melting material such as frit glass, a 
low-melting metal such as indium, or its alloy may be 
applied in advance to a side end portion of the FP 102 
of the outer frame 103 placed on the RP lOl . The 
position of the seal bonding material 143 is not 
limited to this. The seal bonding material 143 may be 
applied to an upper portion of the FP 102 on which the 
outer frame 103 is fixed in contact- If the outer 
frame 103 is to be mounted as an independent single 
constituent member in this apparatus, the seal bonding 
material 143 may be applied to a side end portion o£ 
the RP 101 of the outer frame 103 and a side end 
portion of the FP 102. Alternatively, the seal bonding 
material 143 may be applied to upper portions of the RP 
101 on which the outer frame 103 is fixed and an upper 
portion of the FP 102. The above seal bonding material 
143 may be applied to one of the following portions: an 
end portion of the outer frame 103, an upper portion o£ 
the RP lOl on which an end portion of the outer frame 
103 is fixed in contact, and an upper portion of the FP 



m 

- 26 - 



1 f 



102. 

In the apparatus having the above arrangement^ the 
steps of evacuating the panel and perf oirming seal 
bonding will be described below. The following steps 
5 are performed when seal bonding is performed for one 

panel- I£, however^ a plurality of panels are to be 
continuously processed and seal -bonded, the processing 
times in the respective steps may differ from each 
other. A step with a long processing time may be 
10 divided into a plurality of steps to be processed in a 

plurality of processing chambers so as to adjust the 
long processing time to the processing times in the 
remaining steps- Alternatively, a plurality of 
constituent elements for processing, e.g,, hot plates, 
are arranged in a single processing chamber to allow 
simultaneous processing- 

First of all, the FP 102 and the RP lOl on which 
the outer frame 103 and spacer 104 are fixed in advance 
and to which the seal bonding material 143 is also 
applied in advance are loaded into the preliminary 
chamber 105- In loading them, the RP lOl and FP 102 
are placed on a transfer Jig to structurally form a gap 
between the two substrates. Note that the present 
invention is not limited to the use of a Jig for 
loading and unloading- The substrates of the RP lOl 
and FP 102 may be directly transferred by using a 
support transfer unit on the apparatus body side. 
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When loadxng is comple-te, the gate valve 112 
serving as an entrance is closed, and the preliminary 
ctiamher 105 is evacuated- During this period, each 
processing chamber after the baking chamber 10 6 is set 
to a predetermined vacuum degree and temperature 
profile. Subsequently, in transferring the substrates 
o£ the RP 101 and FP 102^ the gate valves 113 and 119 
between the respective processing chambers are 
sequentially opened and closed . 

When the preliminary chamber 105 reaches an 
evacuated state on the order of lO"^, the gate valve 113 
is opened^ and the RP lOl and FP 102 are unloaded from 
the preliminary chamber 105 and moved into the baJcing 
chamber 106. After this movement, the gate valve 113 
is closed. 

The RP 101 and FP 102 moved into the baKxng 
chamber 106 without being exposed to the atmosphere are 
subjected to heating processing (bake processing) in 
the baking chamber 10 6. With this bake processing^ 
impurities such as hydrogen, oxygen^ and water 
contained and adsorbed in the RP 101 and FP 102 can be 
exhausted in gaseous forms. The bake processing 
temperature at this time is generally set to 300°C to 
400°C, and more preferably, 350°C to SSO'C. The vacuum 
degree at this time is about 10"* Pa- 

The RP lOl and FP 102 having undergone the bake 
processing is moved into the EB irradiation chamher 



107, and the RP lOl is fixed on -blie hot plate 123 to be 
moved to an upper portion in the EB irradiation chamber" 
107 by the elevator 139. During tbis period, the RP 
101 and FP 102 are temporarily separated from the hot 
plates 121 and 122 in the baking chamber 106 which 
serve as heat sources ♦ To prevent an abrupt drop in 
temperature, however, the RP lOl and FP 102 are fixed 
to the hot plates 123 and 124 in the EB irradiation 
chamber 107 and heated to gradually lower the 
temperatures of the RP 101 and FP 102. In this 
substrate temperature range with a decrease in 
temperature, the EB 126 is output £rom the electron gun 
125 to an arbitrary area to perform EB irradiation 
processing (electron beam cleaning). In general, EB 
ii^radiation processing is performed in a substrate 
temperature range of 100°C to the bake processing 
temperature- At this time, the vacuum degree ranges 
from about lO"^ Pa to 10"^ Pa. 

The EB irradiation processing has the effect of 
Cleaning the substrates by gas desorption of adsorbed 
impurities upon irradiation o£ the RP 101 and FP 102 
with electron beams. In addition, as described above, 
in this case, the heat inertia in tbe baJce processing 
can be used, the cleaning effect is further enhanced. 
The EB irradiation processing may be performed both the 
RP 101 and FP 102 or one of them. 

The EB irradiation processing is not limited to 
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-fctie RP 101 and FP 102 and may be pex-foarmed in an 
arbitrarY aregion in -the EB irradia^tion diamber-. In 
addition to the substrate cleaning effect, the EB 
iiraradiation processing has the effect of promoting 
adsorption of the gases desorbed by baking and EB 
irradiation substrate cleaning into the getter in the 
getter flash processing as post-processing by- 
performing EB irradiation in the chambei- space. 

The above EB irradiation chamber 107 oar the EB 
irradiation chamber 107 and the first getter processing 
chamber 108 (chamber getter processing chamber) to be 
described later seirve as slow cooling chambers for 
cooling the RP 101 and FP 102 having undergone the bakie 
pirocessing . According to a preferred embodiment , a 
slow cooling chamber may be independently installed 
between the baking chamber 106 and the EB irradiation 
chamber 107- 

In such a slow cooling chamber^ the RP 101 and FP 
102 are fixed on hot plates to prevent an abrupt drop 
in temperature from the heating temperature in the bake 
processing , thus gradually cooling the substrates * The 
temperature ranges of the hot plates at this time are 
set within the range of 100°C to the bake processing 
temperature, and the vacuum degree is set within the 
range of about lO"* Pa to 10"^ Pa, 

After the EB irradiation processing, the elevator 
139 is lowered, and the RP lOl is removed from the hot 
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plate 123 and moved in-to -fche energization chamber 1001, 
together with the FP 102 . At this time, the RP 101 and 
FP 102 are moved into the energization ohaiaber lOOl 
without t>eing exposed to the atmosphere* In the 
energization chamber 1001, the RP 101 is raised while 
being held on the hot plate 1003. Thereafter, the 
row-directional wiring probes 1004 and 10O5 and 
column-directional wiring probes are brought into 
electric contact with end portions of the row- and 
column-directional wiriogs formed on the RP 101. 

At this time, a voltage as the difference between 
potentials applied to row --directional wirings and 
column-direction wiriogs by the row- and 
column-direction wiring probes is applied to a 
predetermined device . More speci f ical ly , a po tenti al 
c>f -7-5 V is applied to one of the row-directional 
wirings, and a potential of 0 V is applied to the 
remaining row-directional wirings. A potential of +7 V 
is applied to all the column- direct ion wirings. As a 
consequence, a voltage of 14.5 V which is the 
d.±££&re^T\c& between the potentials applied to the row- 
and column-direction wirings is applied to the 
electron-emitting device connected to the 
row-directional wiring to which a potential of -7,5 V 
is applied, thereby promoting aging of the device. At 
this time, since a voltage of 7 V is applied to the 
devices connected to the remaining row-directional 



wirings, aging is not: pr-omo-ted. Ther-eaf ter , all t;he 
elec:t:r-on— emit-ting devices aire made "to experience a 
volt:age of 14.5 V wtiile irlie row-dixect:ional wiring -to 
which a po-ten-tial o£ -7-5 v is applied is sequentially 
changed. Aging processing is performed by repeating 
this process, as needed. In this embodiment^ a 
pulse-like voltage is applied to each electron-emitting 
device in this embodiment. This voltage has a pulse 
width of 66.8 (ps) and a pulse period Ts of 16-6 ( ms ) . 
100 pulses each having a voltage of 14.5 V are applied 
to each device. 

*' Aging" in the present invention is the step of 
controlling electron emission characteristics by, for 
example,, applying a voltage higher than a voltage to be 
applied for image display driving operation to an 
electron-emitting device, irradiating an 

electron— emitting portion with electrons having energy 
higher than that of electrons applied to the 
electron-emitting portion in image display operation Ca 
source for emitting electrons having this high energy 
is not limited to an electron— emitting device as a 
component of the image display apparatus, and may be an 
independent electron beam source that does not 
contribute to image display operation), or irradiating 
an electron- emitting portion with UV. Note that in the 
aging step in this embodiment,, the amount of emission 
current obtained by applying a predetermined voltage ( a 
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voltage which ±s eq:ual in magnitude to a voltage to be 
applied for actual image display operation and has a 
value in the range of voltage values to be applied for 
the actual image display operation) to an 
electron-emitting device after aging is smaller than 
the amount of emission current obtained by applying the 
predetermined voltage to the electron-emitting device 
before aging. An abrupt change in characteristics from 
the start of driving operatiori (actual image display 
operation) can be suppressed over a long period of 
time - 

In many cases, the electron emission 
characteristics of the respective devices, i.e., the 
characteristics associated with the amounts of current 
(device current) flowing in devices with respect to 
applied voltages^ cannot be matched by aging processing 
alone. In this embodiment, therefore, a voltage is 
selectively applied to a device that produces a larger 
device current amount than the remaining devices upon 
application of a voltage of 14 V ( equal to the voltage 
to be applied for actual image display operation), 
thereby adjusting characteristics. More specifically, 
in the above aging processing, potentials for aging are 
applied to all the column-direction wirings. In 
contrast to this, in this selective characteristic 
adjusting step, a pulse potential is applied to a 
column-direction wiring to which a device to which a 
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c±iairac-te2rxst:ic adjus1:inen-t vol-bage should be applied is 
connect:ed while -fctie pulse pot:en"tial is gradually 
incireased in -the posi-tive direc-tion, and a potential of 
O V is applied to a coliamn-direction wiring to which 
devices to which no characteiristic adjustment voltage 
should be applied aire connected- With this operation, 
a voltage which gradually increases is applied to a 
specific device. Note that this voltage is ecjual in 
pulse width and pulse period to that used in the above 
aging processing. Note that a current flowing in the 
column -direction wiring at the same time a pulse 
voltage is applied is monitored, and characteristic 
adjustment for the device is completed when the 
monitored current value becomes equal to the 
predetermined value. In order to select a device 
subjected to characteristic adjustment, a potential of 
-7.5 V is applied to only a row-directional wiring to 
which an electron-emitting device subjected to 
characteristic adjustment, and a potential of O V is 
applied to the remaining row— directional wirings . A 
mechanism for allowing suQh voltage applying steps, 
e.g., the aging step and characteristic adjustment 
step, to reduce the amount of electrons emitted from an 
electron- emitting device has not been fully elucidated . 
The present inventors have found that at least in a 
device having carbon and a carbon compound, near an 
electron-emitting portion, the amount of emission 
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cunr^ni: can toe xeduced by perf oz^idLng voltage 
applicatxon s-teps sucti as -the aging step and 
charaotexistric adjustmeni: step in a vacniun atmospheare, 
and mox-e preferably, an atmosphere in wbicb the partial 
pressure of an organic substance is low, before normal 
display driving of tbe image display apparatus. The 
present inventors have also found that in a surface 
conduction electron emitting device having carbon and a 
carbon compound near the electron— emitting portion in 
an activation step, in particular, the amount o£ 
emission current can be reduced by setting a voltage 
value in this voltage application step to be larger 
than the voltage value in display driving operation. 

Note that in this aging step, characteristic 
adjustment step, and voltage application step, 
evacuation is performed by using a vacuum pump to 
maintain a vacuum atmosphere. The partial pressure of 
an organic substance is maintained at 1 x 10'^ Pa or 
less. 

Note that the electron source manufactured in this 
embodiment is designed to perform pulse width 
modulation when it is actually driven after the 
manufacturing process, and a voltage of 14 V is used as 
a driving voltage to be applied to each device to 
perform actual image display operation. 

After the energization processing is complete and 
the elevator 1006 is lowered, the RP lOl is removed 
from the hot plate 10O3 and moved into the chamber 
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ge1:t:er processing diamber 108, -together wi-th. thie FP 
102 • At: this izxine^ -the RP 101 and FP 102 are moved 
xn-to the chamber getter processing chamfaer 108 without 
being exposed to the atmosphere. An evaporating getter 
material (a getter material such as barium) stored in 
the chamber getter flash device 129 is 

heated/evaporated by resistance heating or the like to 
generate the chamber getter flashes 130, thereby 
coating the surfaces of the chamber getter plates 131 
arranged in the chamber, other than the panel members, 
with a getter film (not shown) formed by a barium film 
or the like- In this case, the thickness o£ each panel 
getter is generally 5 nm to 500 nm, preferably ID nm to 
200 nm, and more preferably 20 nm to 200 nm . With this 
chamber getter step, the getter film formed on each 
chamber getter plate 131 adsorbs/exhausts the gas in 
the chamber . As a consequence , the vacuum degree in 
the chamber getter processing chamber reaches the order 
of 10~^ Pa» This processing is performed while the 
substrate temperatures of the RP lOl and FP 102 are 
in3.intained in the temperature range of the baking 
temperature to lOO^^C. Note that since the getter 
material is evaporated to produce the chamber getter 
flashes 130, the vacuum degree in the chamber 
temporarily decreases but increases to a high vacuum by 
evacuation - 

The RP lOl and FP 102 are then moved into the 
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panel getter- parocessing ctiainh>er 109, and ttie RP 101 is 
£±xed on the hot plate 132 and moved to an upper 
portion in the panel getter processing chamber 109 by 
the elevator 141. The panel getter processing chamber 
has been evacuated to the order of 10"^ Pa- To attain 
this vacuixm degree, in addition to the use of a general 
vacuum pump, an auxiliary evacuation means, e.g*, 
exhaustion by flashes produced from an evaporating 
getter material or exhaustion by heating activation of 
%l 10 a non- evaporating getter material, can be used. The 

'•4 above evacuation method o£ attaining the order of 10~^ 

h Pa can also be applied to the seal bonding chamber 110 

and cooling chamber 111 to be described later . 
^ In the panel getter processing chamber 109 , the 

J 15 evaporating getteir material (a getter material such as 

Q bariiom) stored in the panel getter flash device 134 is 

heated/evaporated by resistance heating or the like to 
generate the panel getter flashes 135 to coat the 
surface of the FP with a getter film (not shown) formed 
20 by a barium film. At this time, the film thickness of 

the panel getter is generally 5 nm to 500 nm, 
preferably 10 nm to 200 nm, and more preferably 20 nm 
to 200 nm. The evaporating getter film foarmed in this 
processing step is not very susceptible to 
deterioration due to gas adsorption because a high 
vacuum of 10"* Pa is set in the chamber used in this 
step. Therefore, this getter film is moved to the ne^t 
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seal bonding strep while sufficiently high getztei" 
evacuatrion capabilit:y is maintained - 

Referring to Fig. lA, the getter film is formed on 
the FP 102- However, the member on which this film is 
formed is not limited to this and can be foarmed on the 
RP 101 or the like. However^ a getter matenrial is 
conductive in general , a large leakage current may be 
produced when the seal-bonded panel is driven to 
display an image or a breakdown voltage for a driving 
voltage cannot be maintained- l£, for example^ panel 
getter flashes are generated for the RP 101 in Fig. lA^ 
since conductive getter films are also formed on the 
outer frame 103 and spacer 104, a problem may arise in 
term of electricity in driving operation. In such a 
case^ a portion on which a getter film should not be 
formed may be covered with a thin metal film mask to 
prevent a getter film from being formed and allow a 

9 

getteiT film to be formed on only a necessary poxtion of 
the RP lOl- Note that since the getter material is 
evaporated to produce panel getter flashes, the vacuum 
degree in the chamber temporarily decreases but 
ir^creases to a high vacuum by evacuation. 

After the panel getter step is complete and the 
elevator 141 is lowered, the RP 101 is removed from the 
bot plate 132 and moved into the chamber getteir 
processing chamber 108, together with the FP 102 . 

The RP 101 and FP 102 are then moved into the seal 
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bonding cliambeir 110 whxch has been evacuated to the 
or-der* o£ lO"* Pa and respectively fixed on the hot 
plates 136 and 137 ► At this time, the seal bonding 
material 143 on the outer frame 103 fixed on the RP 101 
and the spacer 104 do not come into contact with the FP 

102 and are fixed with a slight gap ensured 
therebetween. At the time of this fixing operation, 
the relative positions of the RP lOl and FP 102 in 
panel seal bonding are determined. The relative 
positions can be determined by the end standard using 
abutment pins . However, the present invention is not 
limited to this* 

After this step, while the elevator 142 is lowered 
to make the outer frame 103 fixed on the RP lOl come 
into contact with the FP 102 and press it, the 
substrate is heated up to a seal bonding temperature 
suitable for the seal bonding material 143 as indicated 
t)y thie temperature profile in Fig^ IB* With this 
operation, the seal bonding material 143 is softened 
and melted and held at the peaJ^ temperature for lO min. 
Thereafter, the substrate temperature is lowered to fix 
the seal bonding material. With this operation, after 
the seal bonding material 143 formed on the outer frame 

103 is softened and melted to bond the outer frame ICS 
to the FP 102, the seal bonding material 143 hardens 
and is fixed* At this time, the vacuum degree in the 
seal bonding chamber 110 is maintained at 10"^ Pa, and 
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lience tzlie vacuum degree xn -the panel seal-JDonded In 
-this st:ep also becomes 10"^ Pa* Tlie bonding/fixing 
■tempera-ture of "the seal bonding ma-berial 143 xs set as 
follows- If this material is xndxum metal, the heating 
peak temperature is set to 160*C, and the 
hardening/fixing temperature is set to 140*C- If the 
seal bonding material 143 is frit glass, the heating 
peak temperature is set to 390 *C, and the 

hardening/ fixing temperature is set to 300°C- Although 
the temperature rise rate for heating is set to 
20''C/min, and the temperature fall rate is set to 
5°C/min. The present invention is not limited to this. 
In addition, the heating peak temperature and 
hardening/ fixing temperature are not limited to the 
above temperatures . 

When the temperature drops to the hardening/ fixing 
temperature or lower ^ the seal bonding processing is 
completed. Thereafter, the RP lOl is removed from the 
hot plate 136, and the elevator 142 xs raised. The FP 
102 is removed from the hot plate 137^ sind the 
seal-bonded panel 144 constituted by the RP 101, FP 
102, outer frame 103, and spacer 104 is moved into the 
cooling chamber 111 . At this time, the cooling chamber 
111 is evacuated to the order of 10"^ Pa to maintain the 
vacuum degree in the seal bonding chamber. The 
seal-bonded panel 144 is removed from the hot plate at 
the hardening/ fixing temperature of the seal bonding 
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mater-ial and is cooled in the cooling ctiambeir 111. As 
a cooling means, a cooling plate having -the t:enipex-a-biire 
control function using a water cooling means or the 
like is used- However, the present invention is not 
limited to this. Natural cooling may be performed in 
the cooling chamber 111 as long as no substrate damage 
is caused by an abrupt drop in the temperature of the 
seal-bonded panel 144, 

When the temperature of the seal-bonded panel 144 
drops to room temperature or a temperature near room 
temperature, vacuum leakage is performed in the cooling 
chamber 111 to set the processing chamber to the 
atmospheric pressure. Thereafter, the gate valve 119 
on the atmosphere side outside the apparatus is opened 
to transfer the seal-bonded panel 144 outside the 
apparatus . 

The manufacturing apparatus of this embodiment has 
the gate valve 118 between the seal bonding chamber 110 
and the cooling chamber 111. The display panel is 
unloaded from the seal bonding chamber 110 while this 
gate valve is open. After the panel is loaded into the 
cooling chamber 111, the gate valve is closed. After 
slow cooling, the unloading port 119 is opened to 
unload the display panel from the cooling chamber 111. 
Finally, the unloading port 119 is closed, and all the 
processing steps are completed, A vacuum state is 
preferably set in the cooling chamber 111 by using an 
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independen-b evacuation system (not shown) before the 
next processing step is started. 

In ttiis embodiment, in addition to the above 
evaporating getter material, a non-evaporating getter 
film or non— evaporating getter member may be prepared 
on the RP lOl or FP 102. 

AS the hot plates 121, 123, 1003, 127, 132, and 
136^ mechanical parts capable o£ fixing the RP 101 with 
a force large enough to prevent it from slipping off, 
e.g., mechanical parts using the chuck scheme using 
pawls that mechanically grip the peripheral portion of 
the substrate, the electrostatic chuck scheme, or the 
vacuum chuck scheme - 

The above case is a combination of steps , and the 
structures of the processing chambers are variously 
modified in accordance with combinations of steps. In 
any of the structures, the aging step, characteristic 
adjustment step, and voltage application step azre 
preferably performed before the panel getteir step. 
This is because the execution of the respective steps 
in this order can prevent the panel getter from 
reacting to the gas produced in the aging step, 
characteristic adjustment step, or voltage application 
step and consuming the ability of the getter during rhe 
manufacturing process . 

When the cleaning step is performed by electron 
beam cleaning, the aging step, characteristic 
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adjustmen-t st:ep, or voltage applicatiion step is 
preferably performed after this electron beam cleaning 
step. Ttie electron beam cleaning step is preferably 
performed before the aging step, cbaracteristic 
adjustment step, or voltage application step because 
the generation of a gas produced in tbe electron beam 
cleaning step may affect the characteristics of 
electron-emitting devices- According to the first 
modification of the above processing steps, the 
respective processing chambers are arranged in a line 
to sequentially proceed with preparation of substrates 
in a vacuum atmosphere in the preliminary chamber 105, 
energization processing in the energization chamber 
100 1 , panel getter processing in the panel getter 
processing chamber 109 , heating seal bonding in the 
seal bonding chamber llO, and cool processing in the 
cooling chamber 111^ 

According to the second modification, the 
respective processing chambers a3?e arranged in a line 
to sequentially proceed with preparation of substrates 
in a vacuum atmosphere in the preliminary chamber 105, 
bake processing in the baking chamber 106, energization 
processing in the energization chamber lOOl^ panel 
getter processing in the panel getter processing 
chamber 109 , heating seal bonding in the seal bonding 
chamber 110, and cool processing in the cooling chamber 
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Accor*dLing -to t;he -fctilrd modification, the 
respective processing clianLbears are arranged in a line 
to sequentially proceed with preparation o£ substrates 
in a vacuum atmosphere in the preliminai^ chamber 105, 
a bake processing in the baking chamber 106, 
energization processing in the energization chamber 
1001 , chamber getter processing in the chamber getter 
processing chamber 108 , panel getter processing in the 
panel getter processing chamber 109, heating seal 
bonding in the seal bonding chamber llO, and cool 
processing in the cooling chamber 111 - 

According to the fourth modification, the 
respective processing cihambers are arranged in a line 
to sequentially proceed with preparation of substrates 
in a vacuum atmosphere in the preliminary chamber 105, 
EB irradiation processing in the EB irradiation chamber 
107 , energization processing in the energization 
chamber 1001, channel getter processing in the channel 
getter processing chamber 108 , heating seal bonding in 
the seal bonding chamber 110, and cool processing in 
the cooling chamber 111. 

As a modification of the transfer of the RP 101, 
FP 102, outer frame 103, and spacer 104 as constituent 
members and mounting of them in the apparatus, 
according to the fifth modification, the RP 101, the FP 
102, and the spacer 104 fixed on the outer frame 103 
can be mounted as three constituent members in the 
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apparatus- Xn -this case^ since two surfaces of the RP 
101 and FP 102 axe reqaiiired as seal bonding surfaces 
used for seal bonding processing £or the outer frame 
103 in the apparatus, a seal bonding material must be 
formed in advance for the respective seal bonding 
surfaces . 

According to the si^cth modification, the RP 101, 
the outer frame 103 bonded/fixed to the FP 102, and the 
spacer 104 bonded/fixed to the FP 102 can be mounted as 
two constituent elements in the apparatus • In this 
case, since a side surface of the RP lOl becomes a seal 
bonding surface for seal bonding processing for the 
outer frame 103 in the apparatus, a seal bonding 
material must be formed in advance, on the seal bonding 
surface. 

In contrast to the above modifications of the 
constituent members, as a modification of the apparatus 
structure in which the processing chambers of the 
apparatus are arranged in a line to merge all the 
constituent members in one processing chamber ±n the 
seal bonding step to perform seal bonding processing, 
according to the seventh modification, the RP lOl, the 
FP 102, and the spacer 104 fixed on the outer frame 103 
are handled as three constituent members, and the 
respective processing chambers between the preliminary 
chamber 105 and the panel getter processing chamber 109 
are arranged ±t\ thx-ee lines- Tbe above three 
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constzi-fcuent: members axe separairely moun-ted in the 
appaara-tus - The -thi-ee panel ge-t-ber* pirocessing chiambeirs 
are connected to be merged ±nto one seal bonding 
chiamber, and the three constituent members are 
seal-bonded in the seal bonding chamber. Thereafter, 
cool processing is performed. 

According to the eighth modification, the outer 
frame 103 bonded/fixed on the RP 101, the spacer 104 
bonded/fixed on the RP 101, and the FP 102 are handed 
as two constituent members , or the RP lOl , the outer 
frame 103 bonded/fixed on the FP 1021, and the spacer 
104 bonded/fixed on the FP 102 are handed as two 
constituent members, and the respective processing 
chambers between the preliminary chamber 105 and the 
panel getter processing chamber 109 are arranged in two 
lines - The above two constituent members are 
separately mounted in the apparatus, and the two panel 
getter processing chambers are connected to be merged 
into one seal bonding chamher. In the seal bonding 
chamber, the two constituent members are seal -bonded, 
and cool processing is performed - 

The steps in the respective process lines in the 
seventh and eight modifications may be combined with 
the steps in the first, second, third, and fourth 
modifications , 

According to the description of the above 
embodiment, the vacuum degree in seal bonding for the 
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panel is set to the order o£ lO"® Pa- However, the 
present invention is not limited to this. The vacuum 
degree in seal bonding for the panel may be set to the 
order of 10"^ Pa that can be generally attained by a 
vacuum pump . In this case, the chamber getter 
processing chamber 140 and the getter step which is 
performed to increase the attained vacuum degree in the 
processing chamber can be omitted- In addition, 
evacuation by an auxiliary getter pump for attaining 
10*^ Pa can also be omitted* 

The seal -bonded panel 144 having undergone the 
above steps has the following structural 
characteristic. Although an evaporating getter 
material film is formed on the FP, gettering of 
producing getter flashes mainly by high-frequency 
heating as an evaporation source for an evaporating 
getter material or a getter line for producing getter 
flashes mainly by resistance heating do not remain in 
the seal-bonded panel - 

The above steps and apparatus are characterized in 
that the panel getter flash step and consecutive seal 
bonding step are performed in different processing 
chambers * 

Fig_ 2 is a sectional view of part of the image 
display apparatus manufactured by using the 
manufacturing method and apparatus according to this 
embodiment. 
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The same irefer-ence moineirals as in Fig. 1 deno±:e 
-the same members in Fig. 2. In tlie image display 
appa3rat:us manuf ac-bured by -the above method and 
apparatus^ a vacuum vessel or depressurized vessel is 
formed by "the RP lOl^ FP 102^ and outer frame 103. 

The vacuum vessel can be set to a bigb vacuum 
degree of 10"^ Pa or more, and preferably lO"^ Pa or 
more . 

The spacer 104. is placed in the above vacuiom 
vessel or depressurized vessel to form an atmosphere 
pressure resistant structure- The spacer 104 used in 
the present invention has a main body 311 made of a 
alkali- free insulating material such as alkali-free 
glass ^ a high-resistance film 309 formed by a 
high-resistance material to cover the surface of the 
niain body 311, and metal (tungsten, copper^ silver^ 
gold, molybdenum, or an alloy of these metals) film 
310, and is electrically connected /boded on a wiring 
306 through a conductive adhesive 308- The spacer 104 
is bonded/ fixed to the RP 101 with the adhesive 308 
before the RP lOl is loaded into the preliminary 
chamber 105. When the processing in the seal bonding 
chamber is completed, the other end portion of the 
spacer 104 is electrically connected to the FP 102 in 
contact . 

The RP 101 is comprised of a transparent substrate 
304 made of glass or the like, an underlying film (SiO.^, 
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SnOj^ or "tne like) 305 for preventing the entry o£ an 
alkali such as sodium, and a plurality of 
electron-emitting devices 312 arranged in ttie form of 
an XY matrix- A wiring 306 forms one cathode-side 
wiring of the cathode-side XY matrix wirings connected 
to electron- emitting devices - 

On the FP 102, a transparent substrate 301, a 
phosphor layer 302, and an anode metal (alximiniim, 
silver, copper, or the like) film 303 connected to an 
anode source (not shown) are arranged - 

An envelope 113 is bonded/ fixed on the RP 101 with 
a low-melting adhesive 307 such as frit glass before 
the RP lOl is loaded into the preliminary chamber 105. 
In the step performed in the seal bonding chamber 110, 
the envelope 113 is fixed/bonded with the seal bonding 
material 143 using indium or frit glass* 

According to the above embodiment, in 
manufacturing an image display apparatus by forming 
more than 1,000,000 electron-emitting devices or plasma 
generating devices in the X and Y directions to have a 
large capacity, and mounting these large-capacity 
pixels on a 30-inch diagonal large screen, the 
manufacturing process time could be greatly shortened, 
and a high vacuum degree of lO*^ Pa could be attained in 
a vacuum vessel as a component of the image display 
apparatus . 

In addition, in the above embodiment, after the 
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aging st:ep for elect:iron-ein±-trt±ng cievices, -tlie 
ctiarac1:erist:ic ad j ustmen-t si:ep, and the like 
( particul airly , the voltage application step in a high 
vacuum state) were plerfonned, an image display 
apparatus having a high vacuum degree after seal 
honding could be realized - 

According to the present invention, an image 
display apparatus can t>e realized^ in which changes in 
electron emission characteristics are suppressed and/or 
the electron-emitting characteristics exhibit high 
uniformity, and the vacuum degree is high. 



